Housing renovation is a common concern to owners, tenants and to society at large. In addition to the high economic costs, the implementation of housing renovation usually have a long-term impact on the society and the built environment. This is a theoretical paper that develops a system model for understanding sustainable housing renovation as a system phenomenon which has multiple sustainability goals, complicated dynamic processes, diverse actors, and a sophisticated institutional environment. It identifies the key challenges of a sustainable housing renovation system, namely the conflicting sustainability goals and the conflicting stakeholder interests. To address these two challenges, the paper suggests an innovation approach in which the process of innovation (linear versus organic) and the typology of innovation (product versus process and business versus social) toward sustainable housing renovation are discussed.
Introduction
In recent years, housing renovation has been increasingly accepted as an urgent issue for the economic, environmental and social sustainability of the society. In many European countries, houses built between 1970 and 1990 account for about one quarter of the total building stock and they are now facing major renovation needs [1] . In Sweden, around one million homes were built between 1965 and 1974, and they have now reached an age at which renovation is necessary [2] . The renovation of rental housing meets with some specific challenges because the housing company needs to deal with a number of different individual tenants in negotiation, persuasion and decision making. In this paper, the main focus is on rental housing renovation, but part of our argument also has some relevance to non-rental housing renovation.
Crucial to all forms of housing renovation is how to address the two challenges of the conflicting sustainability goals and conflicting stakeholder interests. In some circumstances, the sustainability goals, as framed as the triple-bottom-line (TBL) with economic, environmental and social aspects for sustainable development [3] , are compatible in housing renovation. For example, reducing the waste of the construction material can reduce environmental impact and economic cost at the same time. However, in other situations, these goals are conflicting. For example, the installation of electrochromic smart window glass will let in beams of sunlight in winter and block some of the sun radiation in summer, thus saving energy without sacrificing indoor comfort. Unfortunately, such renovation will almost certainly increase the rent and consequently, exclude the economically disadvantaged population, such as single-parent families and pensioners. Hence, in this case, environmental sustainability is in conflict with social sustainability. The possible conflicts between economic, environmental and social goals may fundamentally undermine the potential of sustainable urban development. Furthermore, in addition to the potential conflicts between the three aspects of sustainability goals, the complex relation between the different stakeholders' interests makes housing renovation even more challenging. A renovation project involves a wide range of stakeholders, such as the owner/landlord, the tenants, the communities, the contractors, the government regulatory bodies, and so forth. These are all interest groups with different preferences and priorities. The widely discussed landlord-tenant dilemma [4] is a good example of such conflicts between stakeholder interests. For instance, if the tenant bears the cost of heating and electricity, the landlord has not much incentive to invest in energy efficiency while the tenants want to lower the electricity bill. When the payer is not the direct beneficiary, a dilemma of split incentives occurs. In such cases, the economic benefit of the real estate company is in conflict with the economic benefit of the tenants.
The conflicts among sustainability goals and the conflicts among stakeholder interests are not completely avoidable. What we can do is reducing the conflicts and expanding the shared and compatible parts in order to create a healthier balance between conflicting goals and interests. However, the conventional method of renovation cannot offer a solution. We need innovation to achieve sustainable housing renovation. In this paper, we suggest a system perspective and innovation approach as one way forward. Previous research on renovations has mainly been concerned with environmental sustainability, and energy efficiency in particular. A notable exception is Lind et al. [5] , who focused on rent-setting and renovation. The present paper, in contrast, takes a holistic approach to the sustainability concept.
To analyse and understand the complexity of the housing renovation process we adopt a system perspective. A system perspective takes things as interrelated and interdependent parts-a system, in which the change of one part affects other parts as well as the whole system. The outcome of a system does not depend on a single actor's effort and performance but on the interaction of all the involved actors' actions and outputs. The actors do not act in a vacuum but in a systematic environment where rules and norms apply. Housing renovation is not only a set of technical activities conducted by a real estate company and their sub-contractors. It is a set of complicated social interactions among a wide range of heterogeneous stakeholders with enormous resources involved and complex rules and norms applied. The risk of overlooking certain goals in housing renovation is obvious, particularly the long-term ones and/or the ones that are held by economically and socially disadvantaged groups. The challenges of conflicting sustainability goals and conflicting stakeholder interests are system challenges rather than challenges only about technology or challenges only to a single organisation. Therefore, we argue that there is a need for a system framework that can be used to understand, evaluate, and guide housing renovation processes toward sustainability.
In order to tackle the problems of conflicting sustainability goals and conflicting stakeholder interests in housing renovation, we need new ways of thinking and new ways of managing. In other words, we need innovation. Innovation is the creation of new knowledge and the actualisation of new ideas to improve internal processes and structures and facilitate new business or organisational outcomes [6] . Innovation can be performed in relation to products, processes, services, operations and people [7] . Addressing one of these two conflicts is not an easy task, say nothing to the situation when the two types of conflicts intertwist. Addressing the double challenges of conflicting sustainability goals and conflicting stakeholder interests requires new processes of doing things, not only the engineering process of renovation per se but also the companies' management processes and the government's administrative process. It requires new technologies and materials, not only for construction but also for connecting and engaging people. It requires a new organisational design for coordination not only within the real estate company but also within the whole system that is involved. It requires new legislation not only for environment protection but also for social integration.
Nevertheless, in the area of sustainability research, there is generally a lack of guidance by models and frameworks [8] . Identifying models or frameworks for specific sustainability challenges is highly encouraged in the sustainability research community. The conventional project management tools, focusing on time, quality, and cost, do not offer effective measures to address the system challenge of conflicting sustainable goals and conflicting stakeholder interests. In the paper, we apply instead a broad system perspective on these complex relations and introduce a theoretical framework of housing renovation with innovation as a way to approach it. This paper is theoretical, and its contribution is twofold. First, the paper develops a system model for understanding sustainable housing renovation. It adopts a system perspective combining the project processes, the sustainability goals, the stakeholders and the institutional environment to create a holistic picture of housing renovation as a system phenomenon rather than a set of engineering activities. Second, it introduces an innovation approach to housing renovation for better addressing the challenges of conflicting sustainability goals and conflicting stakeholder interests. The real estate industry is currently going through considerable structural change as a result of fast urbanisation, urgent social challenges, rapid technological change and increasing knowledge intensity of production. In this transitional phase, we see the prerequisites as particularly favourable for our paper to contribute to new knowledge and better understanding for innovation and sustainability in the real estate industry.
The paper consists of six sections. The following Section 2 first defines sustainable housing renovation based on the discussion about the existing concepts and models of sustainability and then discusses the concept of housing renovation. Section 3 defines and elaborates the system of sustainable housing renovation. Section 4 identifies the key challenges in the sustainable housing renovation system. Section 5 first introduces innovation as an approach to tackle the key challenges and then further discusses two important issues of the innovation approach: the process of innovation and the typology of innovation in housing renovation. Finally, Section 6 concludes the paper.
Defining Sustainable Housing Renovation
Housing renovations can be seen as a spectrum of different types of measures ranging from the relatively simple replacement of surface materials to fundamentally changing both interior and exterior aspects of a house. There are also a number of different concepts used synonymously or in similar meanings, such as refurbishment, restoration and retrofitting. We will use the term renovation for describing relatively extensive changes of a building mainly used for housing. Housing can, compared to other types of buildings, be considered more complex since it affects people at a very personal level. Major renovations may result in tenants having to move out of the buildings for longer periods of time, which can be challenging especially in areas where there is a housing shortage. Technologically, buildings used for housing also need to suit quite demanding needs since people tend to spend large and important part of their lives in their homes. Renovation processes are a complicated complex. Compared with the broad and necessary recognition of the economic and technical values of renovation, there is a risk of underestimating the architectural, cultural, and social values in housing renovation. In consequence, renovation should be considered a service-minded process rather than a merely technical one as is often the case in new construction [9] . In sum, renovation is a complex series of processes with considerable economic, environment and social impacts.
Understanding Sustainability as A Multi-Dimensional Construct
Sustainability is a multi-dimensional construct. First, it is a multi-scale concept that can be applied on the organisational level, the industrial level and the societal level. Second, it is a multi-scope concept containing economic, environment and social aspects. Sustainability, as defined by both scholars (e.g., Hart and Milsten [10] ) and international organisations (e.g., UN [11] ), refers to the expectations of improving the development performance of the present generation without compromising the ability of future generations to meet their needs. The definition thus highlights the long-term aspects of present performance, economic as well as non-economic.
Due to its simplicity and universality, this definition has been widely used. Nevertheless, the definition does not offer any framework to monitoring the activities, generating new solutions, and evaluating the performance of a company. It provides theoretical principles rather than practical guidelines. For understanding, e.g., how a real estate company can contribute to a sustainable urban development, the definition needs to be specified and operationalised into a theoretical framework to identify the content of activities, the criteria of evaluation and the direction in which to take action.
Using the TBL Model as An Evaluation Framework and Practical Guideline for Sustainability
The TBL model (economic line, environmental line, social line) or 3Ps (profit, planet, people) model [3] is a sustainability-related framework for evaluating a company's performance [12] as well as a practice guideline for sustainability [13] . It goes beyond the conventional corporate evaluation criteria, such as profit and revenue-long-term to be economically sustainable-by including measures concerning environmental and social impacts [14] . Such impacts lie both inside and outside the organisational boundary and they fundamentally affect the wider settings of the society in which the company operates and will operate. The TBL model has been widely and increasingly used as an accounting framework and practical guideline not only for companies but also for NGOs and government agencies. The triple pillars are considered as three independent but interrelated goals of sustainability.
The economic aspect of the TBL model is related to the activities that are conducted, e.g., by a firm, in order to add economic value to the surrounding system [15] in which the organisation operates and grows. The economic sustainability of a firm is a precondition for the firm's support to the future generations by means of generating employment, training human resources, etc. A firm's economic goals of sustainability may well be about profitability, growth rate, economic efficiency, etc., but in order to contribute to economic sustainability, the outcome must not compromise the ability of future generations to meet their needs. To a real estate company and any other economic organisation, the economic aspect of sustainability is the precondition of the other two aspects of sustainability.
The environmental aspect of the TBL model is related to the practices of a firm (or other actors) to reduce environmental impact and to create environmental benefit. The environmental sustainability of a firm is to ensure a liveable environment for future generations. A firm's environmental goals of sustainability may concern energy consumption, water efficiency, toxic waste prevention, etc. In terms of sustainable renovation, many previous studies focus on the environmental aspects such as reducing energy use [4, 16, 17] .
The social aspect of the TBL model is related to the practices that are beneficial and fair to the workers in the company and to people in the community [15] . The social sustainability of a firm, within the company as well as in the wider society, is an important part of the efforts of the whole society to promote social well-being, such as equality, justice, social capital, health, safety, quality of life, within the company as well as in the wider society. Lind et al. [5] discussed social sustainability in renovation and see social sustainability either as housing affordability or as the ambition to create mixed communities with 'a low level of segregation between different income and ethnic groups'. In reality, a firm's social goals of sustainability can go beyond fair access to resources or community integration; they can also include culture heritage protection, personal security, democracy, health, and so forth.
Notably, the TBL model has received criticism as well as further development. The criticism questions its enforceability and accountability [18] , its measurability [19] , its lack of integration [20] , and its lack of a time dimension [21] ,. Based on the TBL model, in the past two decades, scholars have developed different bottom line models. For example, the quadruple bottom line (QBL), which extends the TBL by adding a fourth dimension, such as governance [22] , or culture [23] ,. Another example is the integrated bottom line (IBL) in which the three dimensions are combined into one balance sheet and income statement. The purpose of this paper, however, is not to develop the TBL model in general terms but to use it as an evaluation framework and practice guideline for sustainable housing renovation. As argued by Elkington, the original idea of TBL was to encourage businesses to manage the wider economic, environmental and social impacts of their operation. The TBL does not cover every aspect of reality but it offers a general perspective on sustainability particularly suitable for analysing the conflicts between the different aspects.
Defining Sustainability of Housing Renovation and Sustainable Housing Renovation
Housing renovation is a crucial field for sustainability. On the one hand, housing in general is quite special as a market commodity. Both in theory and in practice, housing markets differ in many respects from the textbook standard competitive market for homogeneous goods (e.g., [24, 25] ). Arnott [26] presents a long list of 'peculiarities of housing as a good', with eleven entries: necessity; importance; durability; spatial fixity; indivisibility; complexity and multidimensional heterogeneity; thinness of the market; non-convexities in production; importance of informational asymmetries; importance of transaction costs; and near-absence of relevant insurance and futures markets [26] [27] [28] . The importance of the transaction and attachment costs in the housing market comes to a head in renovation processes where long-term ambitions of the estate owner or the municipality regarding a certain estate or housing block are confronted with the needs and preferences of sitting residents.
On the other hand, we may also expect a comparatively long-term perspective in the housing sector, where investments in estates and buildings typically have a life time of 50 years or more. At least to serious professional landlords with a long-term perspective on their management, residents' responses to the renovation of their homes and neighbourhoods should represent an important post in the investment calculus. Thus, an efficient renovation process has to address society's ambition, e.g., to build socially mixed and attractive cities as well as the need for a functioning dialogue between the company and the current and potential residents of the property that is renovated. This would make economic, environmental and social sustainability a more complex issue in housing renovation than in many other fields of industry, but it would also motivate an expectation that matters of sustainability would be easier to integrate in the generally long-term perspective of housing construction and management.
Based on the existing definition of sustainability and the TBL model, we define sustainability of housing renovation as the expectation of improving the outcomes of housing renovation for the present inhabitants without compromising the ability of future generations to meet their needs. Therefore, sustainable housing renovation is defined as housing renovation that simultaneously takes into consideration economic, environmental and social aspect of long-term development.
A System Model of Sustainable Housing Renovation
In this paper, we consider sustainable housing renovation as a system construct with system characteristics manifested in 1) the triple goals of sustainability; 2) the complicated dynamic process and procedures established to carry out specific activities; 3) the wide participation and interaction of diverse actors; and 4) the sophisticated institutional environment where various rules, regulations, and routines apply (see Figure 1 ).
The goals of sustainable housing renovation are the triple goals of sustainability, namely the economic, environmental and social goals. The economic goals for the firms involved are, for example, efficiency and required yield. For the tenant, it is the importance of economically sustainable rent conditions. Environmental goals are related to energy consumption, water consumption and waste management, but also to materials and transportation of materials used during the renovation. Social goals could be preserving cultural heritage, integration of tenants, safety, health and democracy. Notably, these goals need to be seen from a holistic perspective and from the perspective of the different stakeholders involved. Sometimes, the goals are compatible and sometimes conflicting. The goals can be set before, during and after the renovation process. The goals can also be set either specifically for one building/property or generally for a wider range of buildings, as well as for the area in between the buildings and the cluster of buildings. Such diverse goal-setting is common, not least in public housing companies. The process of sustainable housing renovation refers to the project process from initiating to closing that is undertaken with long-term economic concerns for the company and environmental and social concerns for the wider society. Typically, the process includes pre-study, design, procurement, construction and closing, but the details can vary from project to project. Even though process is the focus of the framework, it excludes neither the resources used in housing renovation, such as materials, equipment and tools, nor the buildings that are worked on during the renovation process. In practice, the process and the resources are interrelated. The framework also includes the after-renovation stage, which is usually forgotten in research and practice, as part of the processes in question.
The actors of sustainable rental housing renovation include a wide range of stakeholders such as the owner/real estate company, the construction companies, the consultant companies, the sub-contractors, the tenants (and their family and relatives), the neighbourhood residents, the service providers to the buildings, the government regulatory bodies, the city planning authorities, etc. In this paper, for simplicity, we categorised the stakeholders as belonging to one of the three groups. These are the owner/real estate company, the tenants and the wider society (including the community, the NGOs, the local and national authorities, etc.). These actors are directly or indirectly involved in different stages of the renovation processes. They form an actor network where different actors have different strengths and weaknesses, represent different interests, and play different roles. Notably the actor network is a dynamic network during the whole process of housing renovation. The entry and exit of actors may change the dynamics of the network and result in different outcomes in different housing renovation projects.
The institutional environment of sustainable housing renovation refers to the formal rules (constitutions, laws, regulations and standards among others) and informal norms (such as conventions, customs, values and beliefs) that enable and constrain social interaction in the renovation process. This paper perceives institution as rules-of-the-game [29] [30] [31] [32] . The institutional theory suggests that institutions, as rules of the game, can be identified as three categories, namely regulative, normative and cognitive [33] . Regulative institutions refer to formal rules, such as laws, regulations, standards and sanctions, contracts and their enforcement through mediation, arbitration or litigation. In most countries, housing is regulated, e.g., through land use policies and construction regulations, as well as more specific rent regulation and tenant protection laws. Normative institutions refer to informal rules, such as work roles, social norms and routines, shared expectations of appropriate behaviour, social exchange processes, etc. For example, in Sweden, it is tradition for the head of the real estate company to announce the renovation plan to the tenants and not even his deputy or project manager. Otherwise, it is considered to be improper. Cognitive institutions refer to perceptions of reality, such as shared identities, values, interests, beliefs and assumptions, etc. For example, in Sweden, it is a commonly shared value that the buildings and the people living in the buildings should be respected when renovating. One should not give the tenants too many problems and the original design of the architecture should not be dramatically changed.
Based on the discussion above, the paper forms a system model of sustainable housing renovation, as shown in Figure 1 . The core of the model is the renovation process containing the stages of before-renovation, renovation and after-renovation. The actors (firm, tenants and society) interactively participate in the renovation processes at different stages and to differing extents. A sustainable renovation processes is guided and evaluated in terms of the triple goals of sustainability (economic environmental, and social). All these processes are supported or hindered by the institutional environment including regulative, normative and cognitive aspects.
Identifying the Key Challenges of a Sustainable Housing Renovation System

The Challenge of Conflicting Sustainability Goals
Based on the TBL model, the sustainability of housing renovation can be illustrated as three partially overlapping circles, as shown in Figure 2 . The first circle represents the economic goals of sustainability in housing renovation, which is typically related to, for example, the profitability of real estate companies, the economic efficiency of the resource allocation, the growth of the companies and the local economy. The second circle represents the environmental goals of sustainability in housing renovation which usually refers to the performance in terms of energy consumption, water efficiency, waste management, and so forth. The third circle represents the social goals of sustainability in housing renovation which contains broad and sometimes easily overlooked topics, such as cultural heritage protection, community integration, safety, health, democracy and equality in housing, and so forth. The economic, environmental and social aspects of sustainability are logically independent but also systematically interconnected by factors at different levels that firms are expected to address at the same time [34] . Sustainable housing renovation is expected to simultaneously target economic, environmental and social goals, as shown in the central compatible part of Figure 2 . However, we expect that the ideal situation of simultaneously fulfilling the three goals is typically difficult to reach. It is true that in some cases, a housing renovation solution for reaching one goal may be beneficial also to another goal. For example, recycling building material can save money and benefit the environment at the same time. Such a case lies in the overlapping segment of the economic and environmental circles in Figure 2 , where the economic and environment goals are compatible. In other cases, in contrast, a housing renovation solution for reaching one goal may be detrimental to another goal. For example, the increasing use of environmentally friendly construction materials may, in some cases, harm the profitability of a real estate company. In this case, there is a conflict between the economic and environmental goals. This creates a dilemma for the company's decision making.
In reality, companies tend to prioritise economic goals over environmental and social goals. The prioritisation of the economic aspect of sustainability clearly implies that economic goals are in conflict with the environmental and social aspects on certain occasions. When there is a conflict, economic goals usually win. The reasons are twofold. First, the profit motive is the main motive, if not the only motive, for the existence of a firm. Mainstream economic and management theory posits that the ultimate goal of an enterprise is to make money. A firm, as an economic agency, is the very organisation that has the legitimacy to maximise profit and pursue what is in their own private interest. As a response, the concept of Corporate social responsibility (CSR) has come on the agenda in later years of industrial history. Companies started to recognise CSR as an important task under external pressure from consumers, NGOs and government agencies. Secondly, the survival and existence of a firm, which is based on its economic profitability, is the precondition of any environmentally friendly and/or socially responsible conduct. A bankrupt firm does not have the capacity nor the opportunity to do anything good to the environment and society. Therefore, economic goals cannot be removed from a serious discussion about sustainability. Thirdly, economic goals are usually actualised in the business sphere, while the actualisation of environmental and social depends on a much broader engagement of stakeholders. The operational difficulty to reach such goals is a commonly observed obstacle in housing renovation.
Therefore, one of the key issues of sustainable housing renovation is to enlarge the compatible parts and reduce the conflicting parts of the triple sustainability goals. In a housing renovation project, the challenge of simultaneously addressing the three aspects of sustainability does not lie in the compatible part of the triple goals, where economic benefit can be combined with environmental and social benefits. Obviously, if a certain practice can simultaneously lead to economic, environmental and social benefit, the company will have the motivation to implement it. Instead, the challenge lies in the field where economic benefit is in conflict with the environmental and/or social concerns.
The Challenge of Conflicting Stakeholder Interests
In our system model of sustainable housing renovation, stakeholders are categorised into three groups, namely the owner/real estate company, the tenants, and the wider society including the community, the NGOs, the local and national authorities, etc. Their interests are illustrated in the three partially overlapped circles shown in Figure 3 . Each of the three different stakeholder groups have their own interests with their own priorities. For instance, the real estate company's interests include financial benefits such as profit, the company's brand and reputation, employees' satisfaction, and so forth. The tenants are interested in affordable housing, residential comfort and, to disabled people, the accessibility of the facilities in the building. The wider society has its interests in the housing renovation too. For example, housing renovation can improve the infrastructure and increase the value of the community. It can help the conservation of the cultural heritage, and it can also improve equality and democracy in housing by offering affordable housing to all, including vulnerable social groups.
An ideal situation is when the three different stakeholder groups' interests are compatible, as shown in the centre of the overlapping circles in Figure 3 . However, such a situation cannot always be reached. On some occasions, only two stakeholder groups' interests may be compatible. In the worst case, one stakeholder group's interests are totally incompatible with that of the other two groups.
Sustainability in housing renovation, like in many other business processes, needs the simultaneous recognition of the various, often conflicting demands of different stakeholders [4, 35, 36] , many of whom tend to apply different decision logics and preferences than the company managers [37] . The economic, environmental and social interests affected by a housing renovation project are carried out and influenced by a wide range of stakeholders beyond the organisational boundary of the real estate company. Within one of the aspects of sustainability, there may exist conflicts between different stakeholders' interests. For example, the economic benefit of a renovation project can be distributed between the real estate company and the tenants that live in the building. Sometimes this is a zero-sum game, which means a conflict in terms of economic interest between the owner and the users. The environmental impact of the renovation process can harm the inhabitants living close to the building during the renovation but benefit the tenants living in the building after the renovation. In this case, there is a conflict between the environmental interests of the people who live in the building and the people who live in the neighbourhood.
Researchers have argued that firms can benefit economically while they address environmental and/or social challenges [38, 39] . The alignment of stakeholder interests is also possible. However, such conflicting goals between different aspects of sustainability and conflicting interests of different stakeholders can typically not be reconciled through traditional business practices [40] . In consequence, addressing the double challenges of conflicting sustainability goals and conflicting stakeholder interests calls for innovation.
Addressing the Key Challenges of Sustainable Housing Renovation by Innovation
An Innovation Approach for Sustainable Housing Renovation
This paper employs an innovation approach to address the key challenges in the sustainable housing renovation system from a real estate company's perspective (see Figure 4 ). The sustainable housing renovation system and its key challenges are defined, identified and discussed in previous sections. This section defines and discusses innovation.
In the centre of the framework is the sustainable housing renovation system (see Figure 1 for its components and relations). The sustainability outcomes (economic, environmental and social) are reported and evaluated by means of the TBL model. Here, the TBL model functions as an evaluating structure [12] as well as a practice guideline for sustainability [13] . The conflicting sustainability goals and the conflicting stakeholder interests are the key challenges. The key challenges are identified based on the analysis of the sustainable housing renovation system where diverse stakeholders interact during the renovation process within the constraints of the institutional environment. There are three crucial relations between innovation and the sustainable housing renovation system, the sustainability outcomes and the key challenges of the system. Firstly, innovation is used as a tool to address the key challenges in the system. Secondly, innovation is driven and guided by the triple sustainability goals [41] . Thirdly, innovation is promoted or hindered by the process, actors and institutional environment of the system [29, 31] .
Innovation in Sustainable Housing Renovation
Innovation is a multi-dimensional concept. There are different typologies of innovation. For addressing the key challenges in sustainable housing renovation, this paper adopts the product-vs.-process innovation and business-vs.-social innovation typology.
Product Innovation and Process Innovation
The adoption of the product-versus-process innovation typology in our innovation approach gives room for further identification of different types of innovation which, on the one hand, occur in the production and process of housing renovation, and, on the other hand, are specifically related to technology, organisational structure, organisational methods, business model, and so forth. The product-process innovation typology is better suited to a general model of a housing renovation system than other innovation typologies, such as incremental-versus-radical, disruptive-versus-sustaining, etc.
A product innovation refers to the introduction of a good or service that is new or significantly improved to the market [42] . Product innovation in housing renovation includes significant improvements in technical specifications, components and materials, incorporating software, user-friendliness or other functional characteristics of the buildings. Notably, product innovation can be both the creation of a new product or service and the new use of an existing product or service. Production innovation in housing renovation can be, e.g., the introduction of self-cleaning hydrophilic coating for building exteriors which is able to maintain itself and chemically break down adsorbed dirt in sunlight, or vacuum tube windows which can effectively prevent heat losses.
A process innovation is the implementation of a new or significantly improved production or delivery method which includes significant changes in techniques, equipment and/or software [42] . The process of housing renovation is a combination of facilities, skills and technologies that are used to renovate the buildings and provide services. Process innovation initiatives in housing renovation can result from the introduction of new construction materials, new construction machineries and technologies, new project management software, etc. It can also concern the re-design of the organisation, the introduction of new management methods and new ways of delivering a service. Process innovation in housing renovation can be intended to decrease unit costs of production or delivery of renovation projects, to increase quality or to produce or deliver new or significantly improved renovation processes and results. One example is the introduction of social media such as Facebook and Twitter, and in some cases, self-developed apps, to the renovation process as a communication tool between the real estate company and the tenants. Such devices can be used by the project manager to inform about renovation progress, and to receive complaints and suggestions from the tenants. It creates a temporary community where the real estate company and the tenants work together to ensure a smooth renovation process and sometimes, co-create new practices to improve the quality of the renovation project.
Business Innovation and Social Innovation
The adoption of the business-versus-social innovation typology in our innovation approach corresponds with the distinctive social dimension of housing as a product embedded in a specific socio-economic context and a product that is closely related to people's daily life, wellbeing and identity. The social dimension of housing provides tenants with motivation and capability to help solving problems in housing renovation.
Business innovation refers to innovation that aims at solving a problem in order to make a profit. It is using business means to make business profit. It is business both in its ends and its means. In contrast, social innovation refers to innovation that is social both in its ends and its means [43] . It means using social forces, such as individuals, NGOs and communities, to solve social problems.
The idea of social innovation has gained increasing attention for its recognised bottom-up approach and notable capacity to address urban problems [44] , including those related to such housing renovation that risks creating negative outcomes in terms of sustainability. The pressure of offering affordable and high-quality housing to vulnerable social groups, such as elderly people, unemployed people and newly arrived immigrants, has pushed real estate companies and public authorities to go beyond conventional ways of doing business and looking for innovative options of offering social welfare.
In many countries, such as Sweden, Italy and the Netherlands, public administration has enlarged urban public policies to promote social innovation and the ecological sustainability of buildings [45] . Public and commercial real estate companies are also trying to use social innovation to smooth and improve their rental housing renovation projects. In Helsingborg, Sweden, the municipality's real estate company Helsingborgshem initiated a new housing project aiming at social integration of the old and the young, as well as the local and the foreign population. The city is facing increasing housing shortage and social segregation due to unemployment and immigration. The project of social innovation is named SällBo. It is based on the new housing concept of conviviality and co-living. The previous homes for the elderly have been renovated into a new co-living building. More than half of the apartments are rented out to seniors over 70 years old and the rest to young adults between 18 and 25, including young people who recently received a residence permit in Sweden (the new arrivals). This makes SällBo a unique accommodation, where generations and cultures meet and social life is at the centre. The target groups were invited to workshops and meetings during the pre-study period of the renovation. They discussed, together with the real estate company, how to renovate the old elderly home into a new place where social life was actively facilitated. Moreover, the standard facilities in residential buildings, the renovation added communal kitchens, a library, a fitness room, a yoga room, a film room, a studio with art materials, a gaming room, a hairdresser's room, etc. The local community is organised with both time and space for new meetings, exchange of experiences or just company. Residents are selected by interviews, and they are required to be able to speak Swedish and/or English. They should spend at least two hours a week in collective activities and participate in joint decision-making meetings once a month. The slogan on the project website is "Welcome Home!". This is an example of social innovation in housing renovation that aims to solve social problems for sustainability.
The Linear and the Organic Innovation Process Models in Sustainable Housing Renovation
The innovation process refers to a set of activities from the generation of new ideas and the transformation of these ideas into innovative products and/or processes. There are two different innovation process models, namely the linear model and the organic model.
The linear model sees the innovation process as a planned and controlled process, for example, the technology push model and the market pull model (see [46] for a review). In these two models, the product or service concept is frozen and criteria are set at the early stage of the process, after which gatekeepers decide on the continuity or exit of the process. The innovation process is tightly controlled and planned by the actors and guided by the desired goals that are set in advance. The linear models are suited to situations where change in the environment is slow and the time for innovation is sufficiently long. We expect that the linear models apply to the incremental innovation with fewer actors involved and clear short-term goals set in a relatively certain environment of a housing renovation project, such as small-scale normal maintenance of a building.
The organic model sees the innovation process as an open, learning based, trial-and-error process, such as the cyclic model [47] , the funnel model [48] , and the neural network model [49] . In the open and flexible innovation process, no concept is frozen and no design is fixed at an early phase; phases can be repeated and actors can enter and exit at any time. The process is continuously driven by customer needs or needs from other part of the system. Diverse actors are involved. The process is orchestrated by different actors over different stages. Thanks to the ambiguity and uncertainty of the process, the organic model of innovation process cannot be planned but be based on learning. This may lead to unexpected, sometimes chaotic results. Nevertheless, it has been argued that organic models are more open and flexible, with more driving actors involved and thus, are best suited in a complicated, ambiguous and uncertain environment, such as a large-scale housing renovation of properties.
An innovation process in housing renovation, which aims to address the challenges of conflicting sustainability goals and conflicting stakeholder interests, is a complex process involving different actors who hold different goals and bear different interests. Research has shown that innovation comes from the interaction of different actors and the heterogeneity of diverse actors is critical to the generation of innovation [50] . Different from conventional housing renovation, sustainable housing renovation calls for innovation targeting not only economic goals but also social and environmental goals. The triple goals of housing renovation are carried by different actors or stakeholders. Consequently, the generation of innovation in sustainable housing renovation is expected to involve more actors in the innovation process than conventional housing renovation. Thus, the well planned and controlled linear models may not work. Instead, we expect the innovation process in sustainable housing renovation to be more of an organic process than a linear process.
Discussion and Conclusion
This paper develops a system model for understanding sustainable housing renovation as a system phenomenon which has multiple sustainability goals, a complex dynamic process and procedures established to carry out specific activities, the wide participation and interaction of diverse actors, and a sophisticated institutional environment where various rules, regulations, and routines apply. We identified the key challenges of sustainable housing renovation; as the conflicting sustainability goals and the conflicting stakeholder interests. To address these two key challenges, this paper suggests an innovation approach by which innovation is generated preferably through an open, learning based, trial-and-error innovation process within the system context. To illustrate how innovation can be used as a tool to address the key challenges and achieve sustainable housing renovation, product versus process innovation and business versus social innovation in sustainable housing renovation were presented and discussed. Notably, social innovation with its social purpose and social means that differ from the conventional way of doing business provides an innovative option for achieving sustainability in housing renovation. This paper does not take the stance of a single actor, such as the real estate company, the municipal authorities, the general public, or the local tenants. Instead, it takes a general view of the sustainable housing renovation processes, the actors that the processes involve, and the institutional environment in which the processes are embedded. All the different stakeholders of a housing renovation project can find their own positions in the model. The system model can be used by firm managers, city planners, regulators, and also by tenants and citizens to understand the complicated system of sustainable housing renovation and to find innovative solutions to address its key challenges.
This model contributes to the sustainability literature with a focus on the TBL model in several ways. First, the model introduces system perspective into the application of TBL model by taking housing renovation as a system in which different groups of actors are engaged at different levels in different phases of the process and sees the institutional environment as a driving and hindering power of the system. One criticism to the TBL model concerned its lack of systematic thinking [51] . The introduction of system perspective into the application of TBL entails the ability of understand the complicated relations, interactions and situations in housing renovation that can hardly be explained by simple cause-and-effect relations. Second, the model introduces an integration focus into the application of the TBL model. The TBL model pays more attention to the co-existence of the three aspects while somehow ignoring their dynamic interdependence [52] . This may lead to "a tendency to ignore the profound interdependence of these factors, and to see them as likely to be conflicting rather than potentially complementary" [19] . It may also encourage a static perspective which assumes that sustainability is about balancing the three aspects within a given total benefit. The integration of the three aspects of the TBL model has two meanings. On the one hand, to enlarge the compatible parts of the projects and realise the potential of synergy between different goals; on the other hand, to reduce the conflicting parts or to minimise the negative impact of these conflicts. Provided an integration focus, the model can be used as a tool to find agreement on mutual supporting activities in relation to all aspects of sustainability. This is a theoretical paper, although it has been related throughout to existing empirical research and knowledge about rental housing renovation and sustainability from Sweden and other countries.
Our model could be further tested, developed, refined and modified by future empirical research, where the theoretical concepts of the model are translated and operationalised into concrete observable social and physical entities, in a similar way as was attempted in this paper. The model could also be tested in practical applications, e.g., where the actors involved in a certain housing renovation process open up a systematic dialogue with the shared purpose of minimizing the segments of incompatible goals of sustainable housing renovation and incompatible stakeholder interests. 
